Abstract. RAB38 is a new member of the RAB small G protein family that regulates intracellular vesicle trafficking. RAB38 is expressed in melanocytes and it has been shown that a point mutation in the postulated GTP-binding domain of RAB38 is the gene responsible for human Hermansky-Pudlak syndrome. However, the prognostic and molecular features of tumors with RAB38 expression is still unclear, as well as glioma. Whole genome mRNA expression microarray data on 220 glioma samples from the Chinese Glioma Genome Atlas (CGGA) database (http://www.cgga.org.cn) was applied as discovery set. Each grade of glioma patients was analyzed by the Kaplan-Meier method. To determine the protein expression levels of RAB38, further 82 glioma tissues were stained by immunohistochemistry. Three additional datasets (TCGA, GSE16011 and Rembrandt) were obtained as validation sets. The functional annotation of RAB38 was analyzed by Gene Ontology (GO) analysis and Gene set variation analysis (GSVA) in 89 glioblastomas (GBMs). High RAB38 expression was mainly increased in high-grade gliomas, and high RAB38 expression also conferred high mortality of glioma in the CGGA cohort. RAB38 showed a mesenchymal subtype, G3 subtype and isocitrate dehydrogenase 1 (IDH1) wild-type preference. GO and GSVA analysis showed that RAB38 was significantly correlated with migration. These results were validated in other 3 datasets. The expression levels of RAB38 were significantly associated with grade progression as well as prognosis in gliomas. RAB38 is an important prognostic biomarker and potential therapeutic target in gliomas.
Introduction
Gliomas are the most common and aggressive type of primary brain tumors. Despite recent advances in treatment by a combination of surgery and chemotherapy and/or radiotherapy, the prognosis of malignant glioma is still extremely poor. Gliomas can be divided into low grade glioma ( LGG, including astrocytomas, oligodendrogliomas and oligoastrocytomas) and high grade glioma (HGG, including anaplastic astrocytomas, anaplastic oligodendrogliomas, anaplastic oligoastrocytomas and glioblastomas) depending on the malignancy. Glioblastoma (GBM) is WHO grade IV glioma, the median survival time of which is approximately only one year (2, 3) . The increased invasive capacity of GBM cells may be part of the reason for the poor prognosis. Thus, research on invasion of glioma is important.
RAB, ras-related gtp-binding protein, is a member of the small GTPase super family, it is located in specific subcellular organelles and plays an important role in cell secretion, endocytosis, signal transduction and development (4) . In recent years, the role in the control of different aspects of tumor progression has emerged. In tumors, main roles of RAB GTPases were cell migration, invasion, proliferation, communication with stromal cells and the development of drug resistance. Several RABs such as RAB1b, RAB24, RAB25, RAB27a and RAB27b are disregulated in many cancers (5) (6) (7) (8) . The function of RAB27a in glioma cell lines was also reported (9, 10) . RAB38 is the gene responsible for oculocutaneous albinism (1), but the effect of RAB38 in tumors is still unclear.
In the present study, we investigated mRNA expression microarray data on 220 glioma samples from the Chinese Glioma Genome Atlas (CGGA) database as discovery set and 3 additional published datasets as validation sets. Through evaluating the RAB38 expression status, we obtained the prognostic value. The protein expression level was validated in another 82 glioma samples from the Chinese Glioma Tissue Database (CGTD) by immunohistochemistry. In all 4 datasets, we performed function annotation of RAB38 by GO analysis and GSVA, as a result, its correlation with cell migration mainly was found. 
Materials and methods

Datasets
Gene set variation analysis (GSVA).
Gene set variation analysis with RAB38 expression was analyzed by GSVA package (13) of R (14) . Gene list was obtained from the web (http:// amigo.geneontology.org/) (GO:0030335, positive regulation of cell migration and GO:0030336, negative regulation of cell migration).
Statistical analysis. For molecular subtype annotation of the 4 datasets, we applied prediction analysis of microarrays (PAM) as previously reported (2) . Quantitative results are shown as mean ± standard deviation. The difference of RAB38 expression was tested by the Student's t-test in microarray data and by the Chi-square test in IHC results. Overall survival time (OS) was calculated from the date of diagnosis until death or the last follow-up. The survival curve of patients with high or low expressed RAB38 was calculated with the Kaplan-Meier method and the difference was analyzed using the two-sided log-rank test. A P-value <0.05 was considered to indicate a statistically significant result. All the data analysis was performed in MATLAB, GraphPad Prism and R. Written informed consent was obtained from the patient for publication of the present report and any accompanying images. The study was performed with the approval of the Ethics Committee of the Capital Medical University and it was in compliance with the Helsinki Declaration.
Results
Characteristics of glioma patients. (Table I) .
The expression of RAB38 in high grade gliomas was higher than those of low grade. After analyzing of differently expressed genes in the discovery dataset, we found that RAB38 was in the list of genes significantly differently expressed between LGGs and HGGs. RAB38 expression increased along with grade progression of glioma both in CGGA and the other 2 validation datasets (Fig. 1) .
The protein expression level of RAB38 was detected by IHC.
Eighty-two glioma samples were used to detect the expression status of RAB38 by IHC (Fig. 2) . These samples included 38
LGGs and 44 HGGs. RAB38 showed a higher expression level in HGGs than those in LGGs (P<0.01). Thus, RAB38 expression showed high grade glioma preference both in mRNA and in protein level.
RAB38 may be a prognostic marker in anaplastic gliomas and glioblastomas. In the 220 glioma patients of CGGA, 216 patients with integrated prognostic information were further analyzed by Kaplan-Meier. Although several P-values in survival analysis was no statistical significance, the expression of RAB38 can be divided into high and low expression with different percent survival of each grade in CGGA and the other two datasets (Fig. 3 ). There was a marginal significance in anaplastic gliomas in CGGA ( Fig. 3B ; P= 0.056), but there was a significant different prognosis in anaplastic gliomas LGGs were still divided into two groups (A, D and G). In HGGs, the expression of RAB38 showed significant effect to percent of survival (B, C, E, F and H), except for GBM patients in GSE16011 dataset (I).
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of GSE16011 and Rembrandt cohort ( Fig. 3E and H) . In GBMs, there was a significantly shorter survival time in high RAB38 expression than those of low in CGGA (Fig. 3C ) and GSE16011 (Fig. 3F ) except for Rembrandt (Fig. 3I) . Therefore, RAB38 was a prognostic marker in anaplastic gliomas and glioblastomas.
RAB38 expression showed a subtype preference. As high RAB38 expression was mainly enriched in HGGs, we screened its expression in different molecular subtypes of GBMs. As previously reported, we annotated the 4 datasets by TCGA and CGGA classification systems by PAM (2,11).
RAB38 with mesenchymal subtype and G3 subtype have high expression level. Patients with IDH1 gene wild-type also showed higher expression of RAB38 than those with mutation IDH1 gene (Fig. 4) . The expression difference is shown in Fig. 5 .
RAB38 was significantly associated with cell migration.
Through Pearson correlation analysis, the significant, positively correlated genes of the data from CGGA (pink marked genes in Fig. 4) were used for GO analysis. The top 10 GO terms listed in Table II show that RAB38 was associated with cell migration. Using a P-value of <0.001, >40 biologic processes mainly correlated to cell migration were significantly enriched in the GBMs samples with RAB38 high expression.
Correlation between the migration genes and RAB38. Because RAB38 had a tight association with migration in GO analysis, we performed GSVA with RAB38 expression (Fig. 6) . Genes up-and downregulated in migration were positively and negatively associated with RAB38 expression in CGGA and the other 3 validated datasets.
Discussion
In the present study, we found that mRNA level of RAB38 shows high expression in HGGs of CGGA, this was further validated in two published datasets. Protein level of RAB38 was in accordance with mRNA detected by IHC. Prognostic analysis confirmed that high expression of RAB38 indicates short survival time in HGGs. GO and GSVA showed RAB38 was correlated with cell migration. This is the first description of RAB38 in glioma. Glioma is a diffusely infiltrating brain tumor, with characteristic invasive patterns. The invasiveness is a major cause of therapeutic failure, especially in GBM (15) (16) (17) . Applying the high throughput technologies, we can explore the significant genes with aberrant expression in tumors and establish their functions.
RAB GTPases mediate vesicle formation and vesicle movement along with actin and tubulin and membrane fusion (18) . This process is involved in cell migration with lamellipodial formation. For specific recognition, a vesicle and its target are coded by a unique compliment of RAB GTPases (19) . Thus, it is important to understand the intracellular signaling of RAB proteins in various cells to find new molecular approaches to cancer biology. Some RAB proteins have been reported to be necessary for the adhesion and migration of cancer cells. RAB5 and RAB21, are associated with subunits of α-integrin, altering their endosomal traffic and subcellular localizations (20) . RAB27a and RAB27b were involved in exocytosis of endocrine cells and were associated with the invasive and metastatic potential of breast cancer. There are only few reports on RAB GTPases in glioma (9, 10) .
RAB38 is a member of the RAB superfamily, its mutation is associated with platelet dense granule storage pool disease (1, 21) . The effect of RAB38 in tumors has not been reported before. In the present study, we found that RAB38 was highly expressed in HGGs compared to LGGs in mRNA microarray of CGGA (Fig. 1) . The different expression levels were validated by microarray data from two other published datasets. The protein level of RAB38 detected by IHC resulted from an independent group of patients. From the above results, we can conclude that RAB38 was a potential marker for grading of gliomas. In the CGGA dataset, significant RAB38 positively correlated genes were analyzed by GO, the result showed RAB38 functions mainly in promoting migration (Table II) . GSVA, of the 4 datasets, also showed supporting results.
The contribution of grade progression and survival rate of tumors are very important for the clinical assessment. Improved knowledge of the downstream mediators of RAB38 effects in cancer cells may allow dissection of the different RAB38-induced phenotypes and thereby generation of specific targeted therapies. Analysis of the prognosis in CGGA and 3 other datasets found that patients with higher expression of RAB38 showed a significantly worse prognosis in gliomas.
Hence, RAB38 was shown to be have important effects and to have potential as a prognostic marker and a therapeutic target. We also found the preference of expression of RAB38 in mesenchymal subtype, G3 subtype or IDH1 mutation patients, which was in concordance with the worst prognosis of high RAB38 expression patients.
Collectively, RAB38 expression was increased in HGGs, mesenchymal and G3 subtype and wild-type IDH1. High RAB38 expression confered the worst prognosis in anaplastic gliomas and glioblastomas. RAB38 is a novel, potential biomarker and therapeutic target.
